Although male choosiness may be influenced by predation risk, variation in mate availability, and fecundity that may vary spatially and over time, there is little evidence for variation in male mate choice preferences. In mixed populations of bisexual sailfin mollies (Poecilia latipinna) and unisexual Amazon mollies (Poecilia formosa), males encounter 2 types of potential mates: conspecific sexual sailfin and asexual Amazon mollies. The latter is gynogenetic, thus an all-female species that produces clonal offspring but requires sperm from sexual host males to trigger embryogenesis. Sailfin males do not benefit directly from mating with Amazon mollies, which raises the question why males mate with Amazons at all. Mate choice might be crucial in this context. So far, the possibility that male choice might vary during the mating season remained unexplored. We tested for frequencydependent or seasonally influenced behavioral plasticity in mating preferences of males originating from natural mixed populations that may contribute to the maintenance of coexistence in this asexual-sexual mating complex. In simultaneous choice tests, we studied male association preferences in P. latipinna originating from populations in South and Central Texas, USA. There was high seasonal variation in male association patterns: males spent less time with asexual females at times that may potentially coincide with reproductive peaks in this species complex, for example, during spring. Male body size and local current relative proportion of Amazon mollies in the populations did not influence male preferences. We discuss potential causes for the variation of a sexual preference for conspecific females and how nondiscriminating male mating behavior can be adaptive in this complex.
M ating always takes place in a social and environmental context that may affect an individual's sexual preferences. As this context changes over time, this may generate variability in the preferences measured in mate choice. Experimental studies on sexual preferences often overlook such variability in mate choice (Jennions and Petrie 1997; Widemo and Saether 1999) . Male mate choice and sexual preferences have been far less intensively studied than female mate choice. Nevertheless, conditions under which male mate choice can arise are defined (Bonduriansky 2001; Kokko and Monaghan 2001; Servedio and Lande 2006) . Male mating decisions are important, especially when male parental investment increases and differences in female quality or offspring fitness occur, leading to situations with choosy males (Kraak and Bakker 1998; Berglund and Rosenqvist 2001; Gowaty et al. 2003; Wong and Jennions 2003; Herdman et al. 2004; Wong et al. 2005; Hoysak and Godin 2007) and strategic allocation of sperm (Reinhold et al. 2002; Wedell et al. 2002; Preston et al. 2003; Pound and Gage 2004; Byrne and Rice 2006; Ball and Parker 2007; Thomas and Simmons 2007; Riesch et al. 2008) .
One system in which female quality varies greatly and male mate choice is important is in the context of the stability and maintenance of the asexual-sexual mating complex of the Amazon molly Poecilia formosa (Schlupp 2005; Schlupp and Plath 2005; Kokko et al. 2008; Riesch et al. 2008; Heubel KU, Rankin DJ, Kokko H, in preparation) .
The asexual Amazon molly is an ovoviviparous all-female fish of the live-bearing family Poeciliidae (Hubbs CL and Hubbs LC 1932) . It ameiotically produces offspring via gynogenesis, a special form of parthenogenesis, with a gestation period of 1 month. Hence, these asexually reproducing females rely on sperm of males from other closely related host species as a physiological stimulus to trigger embryogenesis (reviewed in Schlupp 2005) . Sperm is normally not incorporated into the genome of the offspring . Therefore, Amazon mollies can be considered a sexual parasite of their sexual hosts with which they coexist in mixed populations. In South and Central Texas, USA, the sailfin molly, Poecilia latipinna, serves as the natural host species (Hubbs CL and Hubbs LC 1932; Darnell and Abramoff 1968; Schlupp et al. 1998 Schlupp et al. , 2002 .
Males should be choosy in this asexual-sexual mating complex because sailfin molly males have immediate costs and no direct benefit of mating with Amazon mollies. Mating with Amazon mollies might incur a cost of enhanced risk of predation (Farr 1975; Zuk and Kolluru 1998; Godin and McDonough 2003) and, while interacting and mating with Amazon mollies, males might miss opportunities to mate with conspecifics (Schlupp and Ryan 1996; Schlupp I, personal observation) . Another cost of indiscriminately mating with both types of females depends on sperm availability. In Poeciliids, sperm is not an unlimited resource (Monaco et al. 1981; Pilastro and Bisazza 1999; Gabor 2004a, 2004b; Schlupp and Plath 2005; Riesch et al. 2008) . Sperm depletion can be a problem for males in mixed asexual-sexual shoals of P. formosa and its sexual host species. Hubbs (1964) showed that Amazon mollies in South Texas were often partially pregnant and carried many unfertilized eggs in broods. He discussed that apparently skewed sex ratio and patterns of male mate selection led to unfertilized Amazon mollies. A similar pattern was reported by Riesch et al. (2008) . An identical situation was also found in another complex of bisexual-unisexual fish species of Poeciliopsis (Poeciliidae) (McKay 1971; Moore and McKay 1971) .
Consequently, theory predicts male preferences for conspecific sexual females (Clanton 1934; Kiester et al. 1981; Stenseth and Kirkendall 1985; Heubel KU, Rankin DJ, Kokko H, in preparation) , but on the other hand, male preferences must not be as strong as one would assume at first glance (Moore and McKay 1971; Kiester et al. 1981; Kawecki 1988; Schmeller et al. 2005; Kokko et al. 2008; Heubel KU, Rankin DJ, Kokko H, in preparation) . Schlupp et al. (1994) showed that mating with Amazon mollies may lead to an indirect benefit by increasing their chances of obtaining matings with conspecific females via heterospecific mate copying. In addition, Amazon mollies can be expected to show counteradaptations to thwart male choice, such as sexual mimicry (Schlupp et al. 1991; Lima et al. 1996; Dries 2003) . Amazon mollies depend on matings with spermdonating males in order to persist. Thus, in analogy to the ''life/dinner principle'' (Dawkins and Krebs 1979) , selection on Amazon mollies to obtain matings may override selection on the males' ability or effort to discriminate. Therefore, we cannot generally predict strong male preferences for conspecific females under all circumstances. It is rather likely to find males being more or less choosy depending on the specific circumstances and costs (Kokko and Monaghan 2001; Kokko and Johnstone 2002; Wong and Jennions 2003; Servedio and Lande 2006; Heubel KU, Rankin DJ, Kokko H, in preparation) . Males might be choosier when mating is more costly due to sperm limitation, under high predation risk, absence of competition, locally high proportions of asexual females, lowered probability of benefiting from mate copying, and temporarily high chances of fathering offspring (Schlupp et al. 1994; Trexler et al. 1997; Simcox et al. 2005; Heubel et al. 2008; Plath et al. 2008; Riesch et al. 2008) .
Assuming frequency-dependent behavioral plasticity in this mating complex, one would expect differences among populations and seasonal patterns of male sexual preferences. In populations with consistently very low proportions or absence of Amazon mollies, that is, allopatric populations or mixed allochthonous populations of very young sympatry (,150 generations) (Brown 1953; Drewry et al. 1958 ) and low frequency of Amazon mollies in Central Texas (Heubel 2004 ) males should be less discriminating than in autochthonous populations where sexual host species and Amazon mollies have been coexisting for more than 100,000 generations in South Texas (Avise et al. 1991; Schartl et al. 1995) . Such reproductive character displacement has been shown in allopatric versus sympatric populations Gabor and Ryan 2001) . Males from populations that are allopatric with P. formosa, or those from very recent sympatric populations, may be evolutionary ''naive'' and, as a consequence, less discriminating. By contrast, males originating from older sympatric populations are expected to discriminate more strongly between sexual and asexual females.
We predicted a seasonal pattern of mate choice discrimination with males exhibiting preferences for conspecific sexual females during peak reproductive periods, a few weeks before the number of juveniles peak in late spring (Hubbs 1964; Dries 2000) , and less discriminative preferences for any type of female at other times of the year when reproduction ceases (e.g., in autumn) (Hubbs 1964) . Alternatively, we considered frequencydependent effects and tested whether the current proportion of asexuals present in the population had an effect on male preferences. In the present study on male sexual preferences, we directly take the individual's current natural context into account. Specifically, we addressed the question how seasonality and thus community ecology relates to the maintenance of sexual-asexual coexistence in this species complex. In this context, we emphasize the connection between seasonal variation in mixed populations on the one hand and male mating behavior and preferences on the other hand.
MATERIALS AND METHODS
To examine the effects of season and frequency of Amazon mollies on male sailfin molly association preferences, we tested males with conspecific and heterospecific females in a simultaneous visual preference test. Male association time with female stimuli was measured.
Subjects
Fish were collected monthly a few (usually 5) days prior to testing at selected field sites in Texas, USA, in the wild between February and September 2001. Fish originated from mixed P. latipinna and P. formosa populations that have been regularly sampled in South (autochthonous) and Central Texas (allochthonous). We monitored population parameters such as sex ratio, adult size distribution, and relative proportion of juveniles ( Figure 1 ) and unisexual females in the population. The populations were Comal Springs (COM) and San Marcos River (SM) in the Guadalupe River Basin in Central Texas and Weslaco North Floodway (WES) and Brownsville (BW) in the Nueces-Rio Grande River Basin in South Texas. A detailed description of field sites, population ecology, and sampling procedure are presented in Heubel (2004) . From each population sampling visit, approximately every 25 days, up to 20 randomly selected adult males, females, and asexuals each were brought into the laboratory. All fish were maintained in 20-to 200-L tanks at 25-26°C on a 12:12 h illumination cycle. All fishes were fed daily with commercially available flake food. After completing the experiments, all fish were released into large outdoor breeding tanks.
We separated species and sexes and allowed 5 days for individuals to acclimate to laboratory conditions before testing. Test males and stimulus females originated from the same population, whenever possible. However, males from COM (Witte and Ryan 2002) were tested with adult female pairs of sailfin and Amazon mollies originating from the SM because COM is a population with extremely low relative densities of Amazon mollies (Table 1) . 
Population samples in 2001

Test setup
A standard preference testing setup for simultaneous dual choice visual preference tests was used (Schlupp and Ryan 1996; Landmann et al. 1999; Heubel and Schlupp 2006) . The test tank (120 3 30 3 52 cm) was divided into 5 equal zones. The 2 outer compartments were separated from the 3 inner sections by clear Plexiglas dividers. The 3 inner zones were visually divided by vertically drawn pen markings at the front side of the tank. The central compartment was defined as a neutral zone. The test male was able to move freely among the 3 inner sections.
The tank had a layer of gravel at the bottom, and illumination was provided directly from above by 2 fluorescent 40-W tubes, which emit visible light plus UV. The short ends and the rear long ends of the tank were covered with gray Teflon release sheet that reflects light of all wavelengths equally (Lunau K, personal communication). All dividers and the cylinder (10 3 10 cm) for acclimatization were made of UV translucent Plexiglas. The dividers were fitted tightly to reduce flow of water and chemical cues between the compartments. Water level and temperature in the test tank were stable during the experiment.
We measured standard length (SL) (snout to caudal peduncle) of females prior to testing to match size of stimuli and for males after testing (Table 1) . We used only adult females with a body size of SL .28 mm to avoid inadvertent use of immature males instead of females as stimuli (Hubbs 1964) .
Preference tests were initiated by introducing a test male into a clear cylinder in the center of the neutral zone. We always selected a size-matched conspecific sexual sailfin molly female and an asexual Amazon molly (mean size difference 0.2 6 1.4 mm standard deviation). Both originated from the same population. These stimuli were introduced into randomly assigned outer stimulus compartments. After 5 min acclimatization, the cylinder was gently raised and the time the male spent in each of the 3 sections was recorded for 5 min (unit 1). Then the locations of the stimulus females were swapped, and the test was repeated immediately (unit 2) to control for a potential side bias. Males and females have only been used in one completed trial (units 1 and 2).
Statistical analysis and data handling
We analyzed the time spent with female stimuli in the 2 test units combined (before and after swapping sides to control for side bias). To compare male preferences seasonally and among populations, the relative time males spent with Amazon mollies was calculated as proportion of time the male spent in the compartment adjacent to the asexual female to the association time males spent with either female. For direct comparisons (Table 2) , we used absolute times spent with females. It was a priori defined that a side bias occurred when a male spent more than 80% of its time on the same side of the tank before and after swapping side assignments of stimuli (Schlupp and Ryan 1996; Landmann et al. 1999 ). Those trials (n ¼ 133) were excluded from further analysis. As an a priori set measure of male general responsiveness to the stimuli, we calculated the response index (RI), defined as the relative time males spent outside the neutral zone. Trials with males spending most of their time in the neutral zone in the center of the aquarium showing no response to any stimulus were terminated and excluded (n ¼ 24) from further analysis (Schlupp et al. 1994; Schlü ter et al. 1998; Landmann et al. 1999) . The distribution of trial terminations due to side biases or low RIs was not significantly dependent on population origin (v 2 ¼ 3.517, degrees of freedom [df] ¼ 3, P ¼ 0.319, n ¼ 255). However, the distribution of side biases fluctuated seasonally (v 2 ¼ 18.063, df ¼ 6, P ¼ 0.006, n ¼ 255). In a general linear model (GLM), population origin of tested males and season were tested as factors and male size, current local relative proportion of unisexual females, and local relative proportion of juveniles in subsequent sampling month as covariates (Figure 1) . We included the proportion of juveniles sampled during the next month because we were interested in potential patterns between male preferences and seasonal reproductive output in the studied populations. Because P. latipinna has an interbrood interval of approximately 35 days (Snelson et al. 1986; Reznick and Miles 1989) and increased female receptivity after parturition (Parzefall 1973) , we assumed that local reproduction is best represented by the number of juveniles collected at the field sites during each subsequent sampling visit in the following month.
In a multiple regression GLM, we used relative time spent with Amazon mollies as response variable; population origin and season as categorical factors; and male size, proportion of unisexual females in population, and proportion of juveniles in the population during the following month as continuous factors.
Simultaneous choice tests were tested nonparametrically, and absolute association times were used. In a post hoc comparison, we compared pairwise mean differences of male's relative preference scores between different months within populations and applied Fisher's least significant difference tests.
When testing parametrically, proportions and relative time spent associated with one stimulus were arcsine transformed (Tabachnick and Fidell 2001) . Graphical evaluation of probability plots revealed no severe divergence from normal distribution; thus, we relied on robustness of GLM (Quinn and Keough 2002) . Data were analyzed using Systat 10 (SPSS 2000). All P values are 2 tailed.
RESULTS
In a GLM with regular monthly sampling visits in 2001 (season) and population (COM vs. WES) as factors and male size as a covariate, season has a significant effect on male preference for females (F 6,64 ¼ 2.767, P ¼ 0.019; Figure 2 ). There was no difference between populations (F 1,64 ¼ 0.000, P ¼ 0.986), no significant interaction between spatial and temporal effects (F 6,64 ¼ 1.714, P ¼ 0.132), and no effect of male body size (F 1,64 ¼ 2.236, P ¼ 0.140). During late spring (defined as weeks 14-20, late March to mid-May; average ambient water temperature is 25°C [other temperatures were winter: 19°C, summer: 29°C, and autumn: 27°C]), males spent less time with heterospecific, gynogenetic sexual parasites (Figure 2) .
Analyzing data on absolute male association times with conspecific sexual versus heterospecific asexual females for each sampling visit separately, there is a pattern of predominantly lacking male association preferences with conspecific females. Thus, in general, males did not show a preference for conspecific females (Table 2) .
We analyzed all sampled and tested populations in a multiple regression GLM that tests for effects of all potential factors that may affect male mate preferences for conspecific sexual females versus unisexuals (Table 3) . Whereas season has a significant effect (F 6,84 ¼ 2.358, P ¼ 0.037), all other factors were nonsignificant (Table 3) .
Comparing males' behavior at different times of the season, males showed a nonsignificant tendency to spend more time with conspecific females in April (Wilcoxon test, n ¼ 12, z ¼ 21.65, P ¼ 0.084) and a significant preference for conspecific females in May (Wilcoxon test, n ¼ 8, z ¼ 22.10, P ¼ 0.036) (Figure 2 ). Males originating from WES again preferred to associate with sexual sailfin molly females in July (Sign test, n ¼ 5, P , 0.04), whereas males from COM significantly preferred asexual Amazon mollies in March (Wilcoxon test: n ¼ 6, z ¼ 21.99, P ¼ 0.046) (Figure 2) .
We compared seasonal differences of male preference scores in post hoc pairwise comparisons. Males originating from COM showed preferences favoring the Amazon molly in March that were significantly different from the 3 subsequent months (Figure 2 ). Males originating from the WES population showed preferences favoring conspecific females in July that were significantly different from the previous and the following month (Figure 2 ).
DISCUSSION
We studied male association preferences in sailfin mollies and its relationship with season and frequency of Amazon mollies. In Poeciliids, visual association preferences are a suitable proxy measure for male mating preferences (Kodric-Brown 1993; Plath et al. 2006 ). We found a seasonal variation in male mating preferences with males showing preferences for conspecific females during reproductive peaks of the season. Although a seasonality of female mate preferences has been reported in several taxa (e.g., Photinus fireflies: Cratsley and Lewis 2005; collared flycatchers: Qvarnström et al. 2000; sand gobies: Forsgren 1997) , to our knowledge, this is the first study documenting seasonality of male mating preferences.
Male preferences in monthly tests
We did not detect a strong general preference for conspecific sexual females or a clear frequency-dependent pattern in male mate choice preferences or differences in male association time among populations. Whereas several other studies have found such preferences, there is an increasing number of studies that did not support preferences for conspecific sexual females in the unisexual-bisexual species complex of the Amazon molly (reviewed by Schlupp 2005) . The lack of frequency-dependent preferences and no effect of male body size suggest that the maintenance of stable coexistence in this asexual-sexual mating complex cannot be explained by behavioral regulation sensu (McKay 1971; Moore and McKay 1971; Balsano et al. 1989) . The behavioral regulation hypothesis was proposed to explain stability of the hybridogenetic asexual-sexual complexes in another group of live-bearing fish, Poeciliopsis (McKay 1971; Moore and McKay 1971) . The authors suggested that males generally have a mating preference for conspecific females and that predominantly the subordinate males mate with asexual females. Such matings would be inversely proportional to the frequency of sexual females (Balsano et al. 1989) . Dominance hierarchies that might lead to a similar pattern in the Amazon mollies mating system also exist among males of P. latipinna (Baird 1968) and Poecilia mexicana (Parzefall 1969; Balsano et al. 1985) ; however, in both species, these dominance hierarchies among males do not restrict access to females.
Males visually preferred conspecific females in spring (Figure 2) -approximately 1 month before the first cohort of juveniles were found in spring in standardized population samples in the field (Figure 1) . Males from the southern population (WES) showed a second period of clear conspecific mate preference in July-again 1 month prior to another peak of numbers of juveniles in the population (Figure 1 ). Although it is not known which factor actually causes this relationship, it is an intriguing pattern. It shows, as predicted, that male choosiness varied seasonally. Males significantly preferred sexual females at times when being choosy were probably most beneficial.
Nevertheless, it is worth noting that Hubbs and Dries (2002) report much longer interbrood intervals (43-64 days) for both types of females originating from Texas if only stored sperm was used by the sexual and asexual females. They found a high variation among populations but no difference between species. It remains to be studied whether interbrood intervals also underlie seasonal variation.
In this sexual host-parasite system, asexuals might have evolved counteradaptations to host mate discrimination, rendering mate choice so costly (especially time consuming) that males sometimes will do better by indiscriminately mating with every female (Heubel KU, Rankin DJ, Kokko H, in preparation) . Additionally, heterospecific and conspecific mate copying is well documented in this species complex (Schlupp et al. 1994; Witte and Ryan 2002; Heubel et al. 2008) : males may become more attractive to conspecific females when interacting with Amazon mollies.
The present study focused only on male preferences based on visual cues to spatially associate with either type of females. How actual matings, sperm transfer, or mating success varies spatially, temporally, or dependent on the local frequency of Amazon mollies needs further investigation (Riesch et al. 2008) . Male preferences for large females (Ptacek and Travis 1997; Gabor 1999 ) might be conflicting with a preference for conspecific females (Gumm and Gabor 2005) , especially at times when the sexual parasite P. formosa is larger than sexual females. Males might have an underlying preference for conspecific females, but this can be countered by its even stronger preference for larger females at the end of the season (Heubel 2004) .
More important than generalizing and speculating about presence and absence of sexual preferences across populations and season, it is relevant to investigate under which circumstances preferences do (or do not) occur. Expressing sexual preferences only during short but reproductively relevant bouts (of a population or individual), for example, as we show here, during seasonal reproductive peaks may be more efficient than maintaining a difficult and costly discrimination procedure throughout.
Our study clearly stresses one major result: there is a seasonal effect supporting the hypothesis of asynchronous initiation of reproductive activity, originally found in the P. mexicana-P. formosa complex (Monaco et al. 1978) . The seasonal plasticity of male preferences indicates that male mating decisions are highly flexible and males might be able to consider carefully whether or not being choosy is beneficial under the given circumstances. This study also does not support that male size, current frequency of Amazon mollies, or different population origin per se might affect male mate preference patterns. Taking into account the predominating lack of a conspecific preference, this leads to the suggestion that it may not always pay for males to discriminate among potential mates.
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